Following palaeobotanical, sedimentological and archaeological research recently conducted on and around the tell of Dikili Tash (Eastern Macedonia, Greece), we present continuous palaeoenvironmental data on this multi-period site. This study combines pollen, non-pollen palynomorphs (NPPs), macro-charcoal and sedimentological analyses that are compared with archaeological data from the Middle Neolithic to Antiquity period. It provides an overview of the local environment near the former Tenaghi-Philippon marsh and a comprehensive view of human impact on vegetation cover in lowlands. As early as ca. 4550 cal BC, an initial phase of change in vegetation cover, has been recorded. This period, in the Eastern Mediterranean region, is one of intensifying human activities and social interactions into the Balkan region, which resulting in the foundation and transformation of early Late Neolithic societies. Although the palynological record does not show the crops species grown, the intensive clearance resulted in the increase of open herbaceous landscapes with anthropogenic indicators. This, as well as the increase of macro-charcoal values strongly supports a more or less continuously shaping of the landscape by human induced fires. New tree species that also became established at this time include Olea and Castanea. . The presence of three main formations can be argued from the Early Neolithic to Antiquity: (1) riparian vegetation, (2) oak woodlands and (3) open vegetation in the form of wooded grasslands. Beyond the responses to climate changes, the vegetation composition reflects a regionally diversified land management system as indicated by a greater diversity in cultivated or harvested plants. The study reveals two phases of decline in land use directly on the edge of the marsh, although indicators of anthropogenic disturbance of the vegetation never entirely disappear during these periods between 3900-3300 cal BC at the transition from the Late Neolithic (LNII) to the Bronze Age and from 1650-800 cal BC when we observe a reorganization of the settlement on the higher slopes. In contrast, four periods are characterized by an increase in land use extension and intensification: Late Neolithic (4500-3900 cal BC); Early to Middle Bronze Age (3000-1600 cal BC), the Iron Age (1000-800 cal BC) and Antiquity during the Macedonian (ca. 357-148 cal BC) and Roman periods (148 cal BC -cal AD 395).
Introduction
In Greece, the question of whether cultural changes are due to social factors, environmental causes or human impact on the environment has been ongoing since the 1960s (Carpenter, 1966) . The role of climatic oscillations or anthropogenic degradation of the environment on soil erosion and changes in vegetation cover has often been discussed as the main factors of socio-cultural changes. Since the 1970s, this issue has benefited from intensive fieldwork and palaeoenvironmental studies conducted in the Aegean world (e.g., Bintliff, 1977 ; Van Andel and Runnels, 1987; Van Andel et al., 1990; Van Andel and Zangger, 1990) . In Northern Greece, palaeoenvironmental research has developed particularly during the last thirty years. As in the Mediterranean Basin, these have focused mainly in the dynamics of coastal environments (e.g., Ghilardi et al., 2008 Ghilardi et al., , 2012 Trianthaphyllou et al., 2010; Pavlopoulos et al., 2013) , the role of society and climate on soil erosion and alluvial sedimentation (e.g., Krahtopoulou, 2000; Lespez, 2003 Lespez, , 2007 and more recently on the detection of global rapid climatic changes and their impact on human populations from the Neolithic onwards (Berger and Guilaine, 2009; Lespez et al., 2014 Lespez et al., , 2016 Berger et al., 2016; Glais et al., 2016a) . After some preliminary investigations in the 1980s (e.g., Turner and Greig, 1975; Bottema, 1982) , the issue of whether the landscape was shaped by Neolithic farmers became less of a focus but rather a problem of study still far from resolved, as underlined by the first synthesis and considerations of human impact on the landscape of continental Greece (e.g., Halstead, 2000; Ntinou, 2002; Lespez, 2008; Fouache and Pavlopoulos, 2011) . These also point out the recent increase in archaeological investigations which have enabled archaeobotanical and zooarchaeological studies. Mainly focused on economy and diet, they nevertheless provide some valuable information on the shaping of the landscape by grazing and agricultural activities since the Neolithic (Sadori et al., 2010; Valamoti et al., 2007; Marinova 2009; Marinova and Valamoti, 2014; Pagnoux et al., 2015; Valamoti 2015) . Unfortunately, its usefulness to reconstruct the history of the vegetation is limited because the remains of plants and fruits recovered by excavation are incomplete due to selection and differential preservation of plant macro-remains (López-Sáez et al., 2003) . In this sense, the information obtained on an archaeological site must be also integrated with off-site palaeoenvironmental analyses (Sadori et al., 2010; Mercuri et al., 2013; Kouli, 2015; Glais et al., 2016a) .
In this paper, we developed palaeoenvironmental and geoarchaeological investigations in the area surrounding an archaeological site under excavation in order to i) complement the archaeobotanical and zooarchaeological data obtained onsite; ii) identify evidence of human impact on the shaping of the landscapes; and, iii) propose an accurate landscape reconstruction following methods developed elsewhere with success (e.g., Groves et al., 2012; Brown et al., 2014) . The study area is defined as the plain of Philippi-Drama, an area well-investigated by archaeological and geoarchaeological research in Northeast Greece (for a synthesis see Lespez, 2008) . The focus is on the environment surrounding the Neolithic and Bronze Age site of Dikili Tash and the Macedonian to Byzantine city of Philippi. We present the results of sedimentological, palynological, and macroscopic charcoal analyses conducted to identify environmental changes resulting from human activity from the Middle Neolithic to Antiquity. We will discuss this in relation with the combined effects of the MidHolocene climate reversal and rapid climatic changes (RCCs) (Mayewski et al., 2004) that affected the Mediterranean world (Magny et al., 2013) .
This investigation benefits from a local context well-known thanks to the high-resolution pollen record of Tenaghi-Philippon (Wijmstra, 1969; Greig and Turner, 1974; Turner and Greig, 1975; Pross et al., 2009; Muller et al., 2011; Peyron et al., 2011) and detailed knowledge of the regional vegetation dynamics during the Holocene (Willis, 1994; Willis and Bennett, 1994; Halstead, 2000) . However, it is true that human impact detected during the Early Neolithic ca. 6400 cal BC in previous studies carried out on and off-site Dikili Tash (Glais et al., 2016a ) cannot be easily extrapolated to a large regional scale, raising the question of the spatial representativeness of the different records. To overcome this problem and assess the impact of human activities on the landscape since the earliest phase of Neolithic settlement in the Southeastern Balkans, we have developed multi-scalar investigations. Indeed, we compare data obtained 2 km from Dikili Tash with data from the site itself as well as data obtained during previous research from the large Tenaghi-Philippon marsh located 5 km from the archeological site. The results cover the end of the Neolithic to the beginning of Antiquity, offering the possibility to describe local environmental changes associated with cultural changes occurring in Eastern Macedonia during these five millennia.
Study area and archaeological background
The Dikili Tash tell (41°00' N; 24° 18' E ; 71 m a.s.l) is one of the many tells in Northeastern Greece and one of the more extensive, with an area of over 4.5 hectares (250 x 180 m at its base) and rising 17 m above the current ground surface (Fig. 1) . The chronology of the occupation is well-known from several archaeological excavations since the 1960s (Treuil, 1992; Koukouli and Treuil, 2008; Darcque, 2013) and new discoveries indicate that the site was occupied since 6500 cal BC, making it one of the oldest Neolithic sites in Northern Greece and Southeastern Europe (Lespez, et al., 2013) . The general setting of the site has been described in previous publications (Lespez et al., 2001) . A permanent freshwater spring (monthly water flow between 2.4 m 3 /s and 15 m 3 /s) is located directly northeast of the tell (Knithakis, 1983) . From this spring, a stream flows into a narrow and gentle wetland valley towards the former large Tenaghi-Philippon marsh, constituted of peat deposits (Pross et al., 2015; Fig. 1) . This large wetland area constitutes the southern part of the Philippi-Drama plain (55 km 2 ). The plain is bounded by a succession of mountain ranges between 300 m a.s.l. (Symvolon) to 1956 m a.s.l. (Pangaion) composed of massive Mesozoic limestones or older crystalline rocks. This plain corresponds to a Neogene fault basin fringed by large Quaternary alluvial fans. The small valley studied was established between two quaternary alluvial fans and shows Late Quaternary deposits of layers rich in organic matter alternating with alluvial deposits (Lespez and Dalongeville, 1998; Lespez et al., 2001) .
The climate regime is sub-Mediterranean with colder winters and wetter summers than the Aegean coastal area a few km southwards (642 mm mean annual precipitation and 10.8°C mean annual temperature). Present-day vegetation on the surrounding mountains reflects the effects of both climate and human pastoral practices. As elsewhere in the Mediterranean world, agropastoral activities have left little of the original vegetation. On the lower mountain slopes, the main vegetation cover is a degraded phrygana/maquis including evergreen oaks (Quercus ilex and Q. coccifera), Phillyrea angustifolia, Rhamnus alaternus, Juniperus oxycedrus and Paliurus spina-christi. Some slopes have maintained woodlands composed of Quercus pubescens, Ostrya carpinifolia, Acer monspessulanum, Fraxinus ornus, Corylus avellana and some Fagus sylvatica and Abies cephalonica. The formerly extensive marshy area of Tenaghi-Philippon now consists almost completely of cultivated land, after the marsh was drained for land improvement during the 1930s, but the fields are largely flooded every winter by a rise in the water table.
Since 1961, the archeological site of Dikili Tash has been systematically investigated during successive research campaigns, producing a broad quantity of information on land use practices since the Neolithic (Lespez et al., 2001; Valamoti, 2004 Valamoti, , 2015 Lespez, 2008 Lespez, , 2011 Lespez, , 2013 . Over the last fifteen years, geoarchaeological research at Dikili Tash has provided additional data on the earliest Neolithic occupation level (Lespez et al., 2013 (Lespez et al., , 2017 and the study area appears to have been an attractive environment during the Neolithic transition (Weninger, 2014; Berger et al., 2016) . In fact, today there are a number of palaeoenvironmental evidences on the regional neolithization process (Glais et al., 2016a ) that somehow contradict traditional models involving large migratory processes (Weninger et al., 2006 (Weninger et al., , 2009 (Weninger et al., , 2014 Berger and Guilaine, 2009 ). In the same way (Fig. 2) , the palaeoenvironmental implications of the dense Late Neolithic settlement as well as short-term, economic and environmental circumstances of the Neolithic-Bronze Age cultural transition remain to be described Lespez, 2008) . Similarly, landscape changes associated with transformations of the settlement during the Late Iron Age and Greek and Macedonian colonization are not as yet well-known due to the lack of palaeoenvironmental research for these periods. While archaeological and historical data show the development of the town of Philippi, dense regional settlement and significant economic and cultural changes (Koukouli-Chryssanthaki, 1998) , the transformation of the environment suggested by the historical and archaeological data has not been assessed by the available palaeoenvironmental data (Lespez and Tirologos, 2004; Lespez 2008; Lespez, 2014; Izdebski et al., 2016) . 
Materials and methods
Reconstruction of landscape changes is based on precise study of the small valley of Dikili Tash which runs from the archaeological site to the edge of the Tenaghi-Philippon marsh (Fig. 1) . The analyses have focused on the Dik4 core (3 m deep) located 1.75 km from the tell of Dikili Tash and 1.5 km from the ancient city of Philippi. It has beenobtained in September 2009 using a percussion device (Cobra TT). Sediment samples were collected in PVC tubes (diameter 60 mm, length 1 m), protected in plastic guttering and stored under cold conditions (5°C) prior to laboratory description, subsampling (every centimeter) and analysis. In this paper, we present the second part of Holocene sedimentological sequence (the last meter) and macroscopic charcoal data since the end of the Pleistocene (two last meters). The palynological data show the vegetation cover changes from the Middle Neolithic to the beginning of the historical period. This corresponds to peaty and silty sediments between 30 and 110 cm deep on the Dik4 core. In a previous paper (Glais et al., 2016a) we present palynological data corresponding to the base of this record (183-87 cm).
Sedimentological analyses and radiocarbon dating
To describe the depositional context and post-depositional processes, accurate field observation and sedimentological analyses were conducted on the Dik4 core. Organic and carbonate analyses were conducted on 56 samples. The loss-on-ignition (LOI) method was used to estimate the organic content based following the method proposed by Dean (1974) . Weighed relatively dry sediment samples of approximately 1 g were taken at less than 4 cm intervals through the 2-meter thick sequence. Changes in sedimentary features were taken into account to select the appropriate interval. After drying 24 hours at 105°C to a constant weight, the samples were then heated to 550° for 3 hours to estimate organic content. A second heating phase, to 925°C for 5 hour overtime, was done to assess the proportion of carbonate in the sediment.
Ten radiocarbon ages, spanning the section of interest, were used selected for 14 C AMS dating (Table 1 ) and used to produce an age depth model. The dates were calibrated using CALIB 7.1 with the IntCal13 curve (Reimer et al., 2013) . The age depth model (Fig. 3) was produced using Clam 2.2 software (Blaauw, 2010) . The best fit was obtained applying a smooth spline solution. Confidence intervals of the calibrations and the age-depth model were calculated at 95% (2σ) with 1000 iterations. The calendar scale was cal BC/cal AD. The cultural chronology (Fig. 3) is provided in recent publications by the archaeologists (Tsirtsoni, 2016; Darcque and Tsirtsoni, 2010) . 
Pollen analysis
Pollen analysis was carried out on 37 sub-samples of 1 cm 3 along the selected core length (110-27 cm). Standard pollen extraction techniques were employed (Faegri and Iversen, 1989) , although acetolysis was not carried out to allow the identification of any contamination by modern pollen. One Lycopodium tablet per sample was added in order to calculate pollen concentration (grains cm -3 ) (Stockmarr, 1971) and these values were divided by deposition time (yr cm -1 ) to calculate pollen accumulation rate (PAR; grains cm -2 yr -1 ). Pollen counts of up to 400 grains total land pollen (TLP) per sample were identified and counted. Percentages were calculated based on TLP sum excluding wetland taxa and nonpollen palynomorphs (NPPs). Pollen grains, spores and NPPs were identified using palynological keys and photo atlases (Moore et al., 1991; Reille, 1992; van Geel, 2001; Cugny et al., 2010) . Pollen diagram based on these data was produced using Tilia and Tilia-Graph v. 2.0.b.5 software (Grimm, 1992 (Grimm, , 2004 . Palynomorphs were then grouped according to their ecological affinities following Glais et al. (2016a) . Local pollen assemblage zones (LPAZ) were defined on the base of agglomerative cluster analysis of incremental sum of squares (Coniss) with square root transformed percentage data (Grimm, 1987) . To summarize the palynological, sedimentological and macro-charcoal data, a synthetic pollen diagram from time linear ordinate axis is proposed (Fig. 9) . We undertook the merging of the species curves from there ecological affinities. The "anthropozoogenous" taxa refer to plants associated with grazing pressure in close relationship with anthropogenic activities such as livestock farming whereas "anthropic-nitrophilous" taxa refer to self propagading plants associated with disturbed nitrophilous soil and generally overrepresented in archaeological context but it's not directly crop plants (Behre, 1981; Bottema and Woldring, 1990; LopezMerino et al., 2009; Florenzano et al., 2012; Marinova et al., 2012 The NPPs groups (coprophilous, eu-mesotrophic, meso-oligotrophic, indicative of erosive processes, indicative of fire events or dry conditions) are performed regarding the ecological similarities and the specific NPPs study references cited (van Geel 2001; carrion and Navarro, 2002; van Geel et al., 2003; van Geel and Aptroot, 2006; Cugny et al., 2010; Gelorini et al., 2011 , Kolaczek et al., 2013 
Macro-charcoal analysis
Contiguous samples of 2 to 4 cm 3 were retrieved by volumetric displacement at 1 cm intervals, soaked in a 10% NaOH solution for 24 h for peat digestion, then in a 6% H2O2 solution for the same time to bleach non-charcoal organic material and thus make charcoal identification easier (Rhodes, 1998) . As the aim is to reconstruct local fire history, quantification of charred particles was done by sieving with a 150-μm-mesh size (Whitlock and Larsen, 2001; Vannière et al., 2008) . Charcoal identification is based on the criteria defined in the literature (Umbanhowar and McGrath, 1998; Enache and Cumming, 2006) . Charcoal particle concentration (particle cm -3 ) was estimated under a binocular microscope at a 40× magnification with a reticule grid of 10×10 squares of 250×250 = 62500 μm 2 each. Charcoal Influx was expressed as CHarcoal Accumulation Rate (CHAR; particle.cm 2 .yr −1 ) based on Sedimentation Accumulation Rate (SAR) estimated by the age-depth model. The slowly varying signal tendency of the charcoal record influx values were smoothed with a robust locally weighted regression type (Lowess function) with a 500-year time frame that best fits the low frequency variation. This tendency may be linked to fuel availability and characteristics (Marlon et al., 2006; Vannière et al., 2016) or regional fire activity (Whitlock and Larsen, 2001) . Peaks above the tendency express fire episodes in the local or microregional area around the marsh (Long et al., 1998; Vannière et al., 2008) . Four classes were defined: "small" and "large" types correspond respectively to particles less than and greater than 62500 μm 2 ; "unbreakable" types correspond to particles with a massive squared or rounded shape; the "breakable" type includes particles with a high irregular porosity or an elongated shape with a length vs. width ratio greater than about 3. Large particles can be regarded as a good indicator of local fire episodes (Whitlock and Larsen, 2001 ). Breakable type particles indicate an unaltered or "direct" signal, i.e., particles that have been deposited in the marsh during or soon after the fire episodes (Vannière et al., 2003; Enache and Cumming, 2006) . The elongated shape may be also related to the type of fuel burnt: grass for the highest length vs. width ratio (Umbanhowar and McGrath, 1998) .
Results

Description of the sedimentary sequence
The sedimentary sequence for the Dik4 core has been partially described in Glais et al. (2016a) . The core as a whole corresponds to organic clay and silt typical of the edges of the Tenaghi-Philippon marsh. The first 100 cm studied in this paper are presented in figure 4 . From the bottom, the first unit (U1) between 100 and 98 cm is whitish silt. It is covered by a silty gyttja (U2a, c, e) interrupted by a lighter colored deposits with less organic detritic content between 90.5-90 cm (U2b) and a brown-ochre silt layer between 72-65cm (U2d). The detritic layers reflect sedimentary input from the piedmonts and the Dikili Tash valley. From 52 cm, the silty sediment becomes lighter and brown (U3). The silty gyttja have a high organic content generally comprised between 10 and 20% and two peaks with a higher content (30%) are identified at 89 cm and 58 cm. The carbonate content is homogenous and low (less than 5%). The top unit (U4) is characterized by a significant decrease in organic content and an increase in carbonate (up to 20%) related to a high detritic input from the flood flows of the stream of Dikili Tash and corresponding to an acceleration of sedimentation on the edge of the marsh (Fig. 5) . 
Fire history
The macro-charcoal record (Fig. 5) is typically dominated by the smallest and squared or rounded (unbreakable) particles that could be reworked and do not necessarily evidence fire occurrences (Enache and Cumming, 2007) . Associated with these, large and/or fragile (breakable) particles appear only in discrete intervals in the record and may support the fire history reconstruction in the area surrounding the core (Vannière et al., 2003; Enache and Cumming, 2006) . Thus, the fire history inferred from the sedimentary macro-charcoal content highlights four main phases of increase in fire activity and eight short-lived fire episodes that are indicated by grey-bands on Fig. 5 . Between ca. 11800 and 8500 cal BC, only five punctual fire episodes are detected in the CHAR signal by "Large-Unbreakable" particles. These indicate limited biomass burning during the last Glacial-Interglacial transition (Bölling-Alleröd) and no fire has been detected during the Younger Dryas period (10700-9600 cal BC) in this area. The first fire real activity increase is recorded during the Early Holocene from 8500 to 7300 cal BC. It is characterized by high total CHAR values, a general increasing trend and the deposition of "Large-Breakable" particles in addition to an increase in the amount of "small-breakable" particles. All of these proxies meaningfully reflect local biomass burning during a period that spans 1300 years, and corresponds to the Mesolithic in this region. A second phase of episodic fire occurrences is then recorded, with only three charcoal peaks detected over a period of 2800 years (between 7300 and 4500 cal BC). These are dated to ca. 6500, 6100 and 5650 cal BC, i.e., during the first Early Neolithic occupation of the nearby Dikili Tash tell (Lespez et al., 2013; Glais et al., 2016a) . Next, the charcoal series shows a return of long-term biomass burning with almost two millennia of CHAR trend increase (between 4500 and 2500 cal BC), also recorded by the Large-Breakable charcoal-type and overrepresented by peaks in the Large-Unbreakable charcoal type, which attest to local repeated fire episodes. No fire episodes are recorded during a short period, between 2500 and 1900 cal BC. The third phase of fire activity increase is characterized by the highest magnitude of sedimentary charcoal influx values in the record, both in total CHAR and in large charcoal-type fire episodes. This phase spans around a millennium until 900-800 cal BC and corresponds to the Bronze and Iron Age occupations. Again, no fire episodes are detected between 850 and 50 cal BC when the CHAR record drops and rises abruptly. Finally, the last biomass burning phase documented by this record covers only two centuries (ca. 100 cal BC-cal AD 100) with high magnitude CHAR values. The results of identification and counting of pollen grains, spores and NPPs are presented as three distinct percentage diagrams (Figs. 6, 7 and 8) . The sequence was divided into six local pollen assemblages zones (LPAZ). A synthetic pollen diagram is also proposed (Fig. 9) to correlate selected pollen and NPPs percentage curves with LOI, carbonates and macrocharcoal influx data for the time frame ca. 6800 cal BC-cal AD 300.
Vegetation history
The five lowermost samples (LPAZ1, 110-99 cm, ca. 6800-5600 cal BC) reflect a sparse alder forest (Alnus 25%) surrounding the site with abundant anthropic-nitrophilous taxa (20%) and Poaceae (9%) in the understory. Deciduous and evergreen Quercus, Juniperus and Pinus sylvestris pollen types are low (<7%). This zone is also characterized by rapid accumulation of charcoal (Figs. 5 and 9).
LPAZ2 (99-91 cm) covers the time period from ca. 5600-4550 cal BC, which corresponds mainly to the Late Neolithic I and the beginning of the Late Neolithic II. Alnus percentages are high (>60%), indicating a dense alder forest in the vicinity corresponding to a landscape closing by arboreal riparian vegetation on the edge of the Philippi marsh. At the same time, the percentages of hydro-hygrophytic taxa and NPPs indicative of eu-mesotrophic conditions decrease, respectively from 18 to 7% and 7,5 to 2% (Fig. 9) . The presence of NPPs indicative of erosive processes remains at a relatively high value, reflecting high carbonate input from the streams at the beginning of the period. The erosive processes on the slopes coincide with the deposition rate acceleration. The location of Dik4 at the interface between the marshy environment and the piedmont explains why no similar change was detected in the investigations conducted in the middle of the marsh during this time period (Greig and Turner, 1974) . Other components, such as deciduous Quercus and Juniperus also increase. Macro-charcoal particles are present in low concentration. The increase of coprophilous NPPs and anthropozoogenous pollen taxa indicate some type of localized pastoral pressure. Cerealia type occurs in the uppermost pollen spectra above 92 cm depth, corresponding to the first palynological manifestation of agricultural activities ca. 4550 cal BC during the Late Neolithic II.
The overlying LPAZ3 zone (91-85.5 cm, ca. 4550-3900 cal BC) is dated to the last phase of the Late Neolithic II, sometimes called the Final Neolithic or Chalcoltihic (Tsirtsoni, 2016) . The percentage values of Alnus diminish from 80 to 25% and those from Poaceae, anthropicnitrophilous and anthropozoogenous taxa increase. Further, we observe the first appearance of Castanea pollen grains. The macro-charcoal influx (25 particles cm -2 yr -1 ) is higher than those of the LPAZ2 zone, suggesting enhanced fire. Hydro-hygrophytic taxa and eumesotrophic NPPs reach higher values. Coprophilous NPPs reach a maximum (5%).
The LPAZ4 zone (85.5-61.5 cm; ca. 3900-1750 cal BC) is characterized by extensive forest clearing with significant oscillations and decreasing levels of Alnus (35 to 13%). It covers the Late Neolithic II and the Early and Middle Bronze Age. Other arboreal pollen percentages increase (deciduous Quercus, Pinus sylvestris), while Juniperus decreases above 80 cm. This zone is also characterized by synchronous increases of hydro-hygrophytic elements and xerothermophilous taxa.. These conditions seem to have favored the continuous presence of olive trees. Eu-mesotrophic NPPs and coprophilous NPPs continue to be present. At the beginning of the zone (ca. 3900-3670 cal BC), a distinct rise in Cerealia type, in combination with synchronously higher values of macro-charcoal and the spread of Poaceae, perennial pasture plants, anthropic-nitrophilous and anthropozoogenous taxa, reflects the clearing of local arboreal cover during the last phase of the Late Neolithic II. Next, until ca. 2915 cal BC (beginning of the Early Bronze Age), the landscape was half-opened and the fig. 8 record a continuous curve of coprophilous NPPs as well as settlement indicators (anthropicnitrophilous taxa) and the absence of cereal pollen grains. After this date, fire activity is reduced and Cerealia type reappear and was recorded until the end of the zone ca. 1750 cal BC (Middle Bronze Age).
With the onset of LPAZ5 (61.5-49 cm), from the beginning of the Late Bronze Age ca. 1650 cal BC until the beginning of the Iron Age ca. 1000 cal BC, the forest dynamic appears related to a sudden decrease in the percentages of Alnus (<5%) with the definitive opening of the alder forest, in parallel to increases in xerothermophilous taxa and Poaceae. The increase of eu-mesotrophic NPPs (until 19%) show the existence of a semi-permanent body of shallow water rich in nutrients. The intensification of local fire regimes is also remarkable by increasing macro-charcoal values. The presence of anthropic-nitrophilous taxa (mainly Aster type and Cichorioideae) during the Late Bronze Age (ca. 1650-1000 cal BC) is lower than previous zone.
The LPAZ6 zone (49-27 cm; ca. 1000 cal BC-cal AD 300) reflects the continued degradation of alder forest (1-2%) since the Iron Age ca. 1000 cal BC and encompass the Antiquity. In this zone, anthropic-nitrophilous (Aster type, Rumex acetosa type and Cichorioideae) and anthropozoogenous taxa (Urtica dioica type and Polygonum aviculare type), Poaceae and perennial pasture plants (Brassicaceae, Fabaceae and primulaceae) culminate with maximum values through the entire pollen record. At higher altitudes, Pinus sylvestris and Juniperus spread. In the top samples (45-27 cm) there are noticeable peaks for Cerealia type and coprophilous NPPs. In addition, the values of macro-charcoal increase, suggesting fire activity in the surroundings.
Discussion
From the Late Pleistocene to the emergence of an agricultural landscape during the Late Neolithic (ca. 11800-3900 cal BC)
Previous palynological research undertaken in the Dik4 core (Glais et al., 2016a) and in other parts of the Tenaghi marsh (Kotthoff et al., 2008 demonstrate the existence of an open landscape dominated by herbaceous communities and steppic taxa and a very small tree cover during the Lateglacial period (ca. 11800-8500 cal BC). These data agree with the macro-charcoal record of Dik4 (Fig. 5) where only sporadic and low intensity fire episodes are detected indicating limited biomass burning. Instead, the beginning of the Holocene is characterized by a general increasing trend in macro-charcoal values from ca. 8500 to 7300 cal BC (Fig. 5) , reflecting local biomass burning related to long-term changes in vegetation composition with the large development of arboreal vegetation (Glais et al., 2016a) . In any case, these changes are linked to climatic dynamics (i.e., climatic amelioration on the onset of the Holocene related to warmer conditions) occurred across a broad part of Greece (Wijmstra, 1969; Turner and Greig, 1975; Digerfeldt et al., 2000; Lawson et al., 2004) but not with human noteworthy activity (Glais et al., 2016a) .
Previous palynological analyses from the Tenaghi-Philippon marsh (Wijmstra, 1969; Greig and Turner, 1974; Kotthoff et al., 2008) report that the Philippi region was thickly covered by mixed-oak forest with few glades for the time span 8500-2500 cal BC. However, recent investigations on the northeastern edges of this marsh have provided evidence of an environment locally considerably more open during the Early Holocene (Glais et al., 2016a) . In particular, the edge of the marsh was characterized by wet and fallow lands and meadows prior to 7000 years BC. Further, even if agricultural practices are not detected on the edge of the marsh (Dik4 core), they were indicated at the base of the site of Dikili Tash (Dik12 core) during the Early Neolithic ca. 6500-5700 cal BC (Glais et al., 2016a) . These facts corroborate the data provided by the macro-charcoal study presented in this paper (Fig. 5) , in which two maximum peaks are detected ca. 6500 and 6100, probably related to anthropogenic activities developed by the first Neolithic occupation of the nearby Dikili Tash tell.
The first cultural period studied in detail in this paper, from a palynological point of view (Fig. 6) , extends from ca. 6700 to 5600 cal BC (LPAZ1) and corresponds to the Early and Middle Neolithic in the region, for which Dikili Tash is the only site as yet known (Lespez et al., 2013) . Pollen data from Dik4 confirm the densification of riparian vegetation dominated by alder (Alnus) but give no indication of anthropogenic change of the land cover except the presence of coprophilous NPPs; although at this time a new maximum peak is detected in the macro-charcoal values ca. 5600 cal BC (Fig. 5) . We can assume that herds were kept at the surrounding of the settlement in the marsh border (Dik4), and probably the use of fire to clear the forest (López-Sáez et al., 2000; López-Sáez and López-Merino, 2007) . In any case, the high values of alder mask these facts (Glais et al., 2016a) .
The regional settlement then increases with more than 25 sites known for the Late Neolithic ca. 5500-3900 cal BC . The geographical permanence, although discontinuous, of the settlement over more than 1500 years, questions the topographical, pedological and hydrologic characteristics which probably have been not always key factors for prehistoric societies to stimulate settlement. At Dikili Tash, several factors play a significant role in the persistence of the site. First, access to water resources is crucial. Dikili Tash is located less than 100 m from a permanent karstic spring and many sites on the Philippi-Drama plain are located immediately next to a spring, stream, pond or lake (Figs. 1-2 ). This observation is widespread and has been made for Neolithic sites in western Macedonia (Lespez, 2008; Karkanas et al., 2011; Kouli and Dermitzakis 2008; Kouli, 2015; Gkouma et Karkanas, 2016) , Northwestern Anatolia (Boyer et al., 2006; Groenhuijzen et al., 2015; Stock et al., 2015) and the Balkan region generally (Filipovic et al., 2014) . On the contrary, the defensive character of the Dikili Tash site was not a priority because more than half of the Late Neolithic sites on the Philippi-Drama plain are flat, unprotected sites located on the gentle slopes of the piedmont (Lespez, 2008) . As observed at Dikili Tash, the inhabitants chose to settle only at low elevations between 1-5 m above the alluvial zone (Lespez et al., 2013; Groenhuijzen et al., 2015; Stock et al., 2015) . This position provided safety against water level fluctuations and flood flows of torrential streams (Renfrew et al., 1986; Filipovic et al., 2014; Schneider et al., 2014; Stock et al., 2015) . In the case of Dikili Tash, as for others on the Philippi-Drama plain or long-duration sites in the Eastern Mediterranean area, such as Çatal Höyuk (Schneider et al., 2014) , additional considerations as strategic position should be taken into account. Indeed, the site is at the narrowest passage (300-400 m) between the Lekani mountains and the Tenaghi-Philippon marsh. But the more important factor with respect to water resources is likely its position at the interface between the alluvial plains or large wetlands, consisting of brown leached soils (luvisol) of the distal parts of alluvial fans, and the lower slopes of the surrounding mountains. This location at the boundary of different landscape units offers access to complementary resources.
Despite the occupation of Dikili Tash during the 5500-4550 cal BC period which corresponds mainly to the first phases of the Late Neolithic-LNI , the impact of agropastoral activities are difficult to detect on the edge of the marsh prior to the mid-5 th millennium BC (LPAZ2; Fig. 6 ). The abrupt densification of riparian vegetation, dominated by Alnus, led to a closed landscape that entirely conceals evidence of possible human impact (Glais et al., 2016a ). Yet, the occurrence of coprophilous NPPs is an indicator of animal browsing and pastoralism that seems to remain a significant activity in the vicinity of the tell like during the Middle Neolithic (LPAZ1), similar also to that observed at Dispilio in western Macedonia (Kouli, 2015) . Low values of macro-charcoal (Fig. 5 ) agree also with lower human impact.
It is only around 4550-3950 cal BC (LPAZ3), during the second phase of the Late Neolithic (LNII), that the development of anthropogenic indicators is observed as the sudden and complete decline of alder without correlation to a regional climatic episode (Kohttoff et al., 2008) . Simultaneously, the Dik4 sequence show the appearance of cereals, sweet chestnut (Castanea), and a peak of coprophilous NPPs, anthropic-nitrophilous and anthropozoogenous taxa (Fig. 6) . This is correlated with the identification of stored cultivated crops on the site of Dikili Tash, including einkorn (Triticum monococcum), naked barley (Hordeum vulgare var. nudum), lentil (Lens culinaris), bitter vetch (Vicia ervilia), grass pea (Lathyrus sativus) and flax (Linum usitatissimum) (Valamoti, 2004 (Valamoti, , 2015 . Further, zooarcheaological research has assessed livestock management (mainly cattle and pig) from the Late Neolithic (Jullien 1992; Helmer 1997) . In this sense, on-site (Dikili Tash) and off-site (Dik4) data confirm the development of agricultural practices. The appearance of Cerealia type ca. 4550 cal BC in the Dik4 pollen record corresponds with the first indications of cultivation almost 2 km from the settlement. This indicates a large expansion of cultivated fields around the Late Neolithic village (López-Sáez and López-Merino, 2005; Marinova et Ntinou, 2017) . It is also associated with the beginning of the first long-term biomass burning, with almost two millennia of an increasing CHAR trend, attesting to repeated local fire episodes and the highest peak of "Large-Unbreakable" CHAR recorded in the Dik4 core since the Lateglacial (Fig. 5) . The role of fire in landscape modification may also be proposed. As observed at Dispilio site in western Macedonia (Kouli and Dermitzakis, 2008) , Scots pine and alder dominating the woodland were also affected because their trunks were used for dwelling construction as demonstrated by the anthracological study of wood remains (Ntinou 2002; Marinova et Ntinou, 2017) . According to Zohary (1996) , the previous so-called Neolithic Near Eastern "crop package" consists of a dominance of einkorn (Triticum monococcum) seeds, as well as emmer (Triticum dicoccum), hulled barley (Hordeum vulgare), lentil (Lens culinaris), pea (Pisum sativum), bitter vetch (Vicia ervilia), chick pea (Cicer arietinum) and flax (Linum usitatissimum), the latter probably exploited for fibers. Investigations conducted at Dikili Tash show the lasting success of this package and are in agreement with data obtained in western Anatolia, at Illipinar (Cappers, 2008) , Aktopraklik (Budd et al., 2013) and Burdur province (De Cupere et al., 2017) , which show the same broad spectrum of plant resources during the Neolithic and Chalcolithic phases and later. A similar pattern of early signs of cultivating and grazing activities has been observed in other pollen diagrams in the Balkan area during the Late Neolithic. These show small amounts of cereal pollen and an increase in weed (Cichorioideae, Rumex acetosa, Ranunculus acris) and edible species (Brassicaceae, Leguminosae, Chenopodiaceae, Apiaceae) (Kouli and Dermitzakis, 2008) . The plant economy of sites situated south of the Balkan Mountains reflects homogeneity in terms of crop plant composition, wild resources exploited and weeds associated with the fields (Marinova, 2009) . Clearance resulted in the increase of open ground herbaceous types with other anthropogenic indicators, called "secondary anthropogenic indicators" in the Mediterranean region and Greece (Behre, 1981; Bottema, 1982; Bottema and Woldring, 1990; Marinova et al., 2012) . This includes pollen types either directly or indirectly associated with human activity, such as those of cultivated plants, weeds and plants associated with grazing, overgrazing, stock-breeding and human creation of pastures (Cerealia type, Olea, Vitis, anthropic-nitrophilous and anthropozoogenous taxa). Other plants are characteristic of human impact on natural vegetation from fires and clear cutting, among other activities (Juniperus, Artemisia, Chenopodiaceae) as proposed by Gerasimidis (2000) . Archaeobotanical research conducted on the Dikili Tash site shows that in the Late Neolithic (5500-3900 cal BC), food collecting activities still persisted (hunting, gathering), but were complemented and then replaced by complex agricultural and pastoral practices (Valamoti, 2015) .
Further details are provided by the gathered food products. In fact, wild fruits and nuts are found in relative abundance in the Late Neolithic levels of Dikili Tash. They show a wide spectrum of wild collected plants, indicating an increasing variety in diet and subsistence resources (Valamoti, 2015) . Despite the ideological dichotomy between "wild" and "domesticated" resources encountered in the archaeological literature (Hodder, 1990) , rather than being ostracized from early farming subsistence activities, gathering in the wild may have made a significant contribution to diet and the symbolic systems of early farming communities Valamoti (2015) . Grape pips directly dated to 4460-4000 cal BC find on the tell suggest that they were morphologically wild (Mangafa and Kotsakis, 1996) . Pyrus amygdaliformis, a wild fruit tree, would probably have grown in patches of managed open woodland vegetation or clearings or even within crop fields near the settlement, as it requires well-drained soils with open or cleared vegetation and ample light to yield fruit. According to Bottema (1980) , the appearance of Castanea occurred later, almost certainly from introduced trees. It was present in the Balkans during the Lateglacial (Wijmstra, 1969; Bottema, 1974; Filipovitch, 1977) and expanded locally as a result of a favorable niche being created by anthropogenic disturbance (Gerasimidis 2000) . Fig trees also require open, sunny spots, and would have flourished both in riverside environments as well as dry areas with underground water. Based on the archaeobotanical finds from Dikili Tash, natural woodlands surrounding the settlement would have been intensively managed and transformed. Wild fruit trees would have been encouraged or even cultivated in some cases. Grape vines around Dikili Tash could have been tended, managed, husbanded, or even cultivated, despite their morphological resemblance to wild ones. Among Neolithic farming societies of northern Greece, crop fields would have required constant tending, with soil preparation, managing, weeding, sowing, etc. (Halstead 2000) . What is certain from the plant remains and palynological data is the intensive use of the "wild" non-arable vegetation surrounding the site (Valamoti 2015) . Such intensive interference with woodland vegetation in the vicinity of Dikili Tash, although of a scale undetectable by regional pollen diagrams, seems to be indicated in recent environmental proxies from the periphery of the settlement (Glais et al., 2016a) . According to Filipovic et al. (2014) at the Vinča tell (Bulgaria), the abundance and careful management of natural resources may have been the key to the longevity of the site even if the relationship with parts of the landscape comprising fruit and nut-yielding wild trees is more obscure. It has been suggested that the subsistence economy of the settlement relied on a combination of crop and animal husbandry, supported by wild plant gathering and hunting/fishing.
Change in production systems is relatively well-supported by archaeological data on a regional scale (e.g. Renfrew et al., 1986; Lespez, 2008; Darcque, 2013) , but its effects on the landscapes surrounding the tell appear to have had a clear radical impact from ca. 4550 cal BC (LPAZ3; Fig. 6 ). Data obtained from Dikili Tash show at this time the subsistence practices adopted by Neolithic farmers had progressively transformed the landscape within a radius of at least 2 km around the settlement during the second phase of the Late Neolithic (4500-3900 cal BC). Contradicting an early hypothesis (Bintliff, 1977) , the farmers of Dikili Tash did not exploit light alluvial soils but rather the heavy rich soils of the distal part of the alluvial fans and the edge of the marsh. It is not yet possible map the fields and the distribution of the cultivated crops during the Late Neolithic. But the weed flora and self-propagating plants, as well as anthropic-nitrophilous and anthropozoogenous taxa in the palynological assemblage, indicate that agriculture created a mosaic of landscape units combining open landscapes with grazing and farming activities, fallow lands and secondary forest patches or vestigial original forest. This suggests that human modification of the vegetation was gradual and localized, as observed elsewhere in the Southern Balkans (Marinova, 2009 ). These observations are consistent with the results of studies of Neolithic wood charcoal assemblages from Northern Greece (Ntinou and Badal, 2000) . Widespread settlement during the Late Neolithic is further evidenced by archaeological research and its impacts on vegetation very likely affected the landscape around each Late Neolithic settlement on the Philippi-Drama plain. It implies significant regional-scale change even though the impact of human activities on the vegetation is not recorded in the middle of the Tenaghi-Philippon marsh (Greig and Turner, 1974) . The change is confirmed at the regional scale by pollen data from the Lower Strymon valley about 50 km to the west . 
The transition Late Neolithic-Bronze Age (ca. 3900-1650 cal BC). Towards diversified agricultural landscapes
Following the first aforementioned period of human impact on the landscape due to agropastoral activities during the Late Neolithic II, between 3900 and 3300 cal BC a rapid increase in oak, alder and pine values and a decrease in indicators of human impact and grazing activities are seen in the Dik4 pollen record (bottom of LPAZ4; Fig. 6 ), as also has been observed in the Lower Strymon valley . This may be related to the abandonment of the archaeological site of Dikili Tash. Indeed, at Dikili Tash , as for most of archeological sites excavated in the Southern Balkans, abandonment is observed during the end of the Late Neolithic (LNII) from around ca. 3900 to 3300 cal BC (Tsirtsoni, 2016) . However, the constancy of a fire signature (continuous macro-charcoal values), the occurrence of anthropozoogenous and anthropic-nitrophilous taxa, and the development of olive trees ca. 3900-3300 cal BC, as well as the presence of Cerealia type ca. 3900-3650 cal BC in Dik4 pollen record (Fig. 9) , suggest the persistence of agropastoral activities in the surroundings of the site. As in the Lower Strymon valley , we hypothesize that the last Neolithic populations moved from the former site of Dikili Tash after 3900 cal BC but continued to be present on the Philippi-Drama plain and practiced agropastoral activities until 3300 cal BC. After ca. 2900 cal BC, the reappearance of Cerealia type, increases in anthropic-nitrophilous taxa, Olea, Poaceae and macro-charcoal values suggest a new development of agropastoral activities during the Early Bronze Age that continued until ca. 1650 cal BC (bottom of LPAZ5; Fig. 5 ) at the end of the Middle Bronze Age. In fact, from 3200 cal BC, the settlement of Dikili Tash has been assessed (Darcque et al., 2014) , indicating that most of the Late Neolithic tell was reoccupied during the Early Bronze Age (Treuil et al., 2008, Fig. 2) and explaining an increase in settlement after a gap of several centuries (at least 3900-3200 cal BC). This led to a new chapter of anthropogenic changes to the landscape. The archaeaobotanical data obtained from the few sites excavated, including Dikili Tash , show the increase of wheat at the expense of barley and the cultivation of millet (Panicum miliaceum). Millet is a cereal crop which probably played an important role during the Late Bronze Age in Greece (Marinova, 2009 ), while leguminous crops or pulses were still very important group of cultivated plants grown in the area throughout the Late Neolithic and the Bronze Age (Marinova and Valamoti, 2014) . In the off-site data (Dik4), we observe maximum values of anthropicnitrophilous taxa from 2300 cal BC which can be associated with these crops.
Other crops yielding seeds rich in oil have also been identified from Bronze Age contexts in Greece, but not in Bulgaria. These crops are opium poppy (Papaver somniferum ssp. somniferum), Brassica sp. and Camelina sp., suggesting a rather wide variety of crops potentially used for oil in the Bronze Age in Northern Greece (Jones and Valamoti, 2005) . The first two are included in anthropic-nitrophilous taxa and the third included in perennial pasture plants (Fig. 6) , which could confirm this hypothesis at the local scale during the Early and Middle Bronze Age. Grape and olive have been closely linked with prehistoric communities in Greece. Even though the climate of Northern Greece is not favorable for olive cultivation, from the second half of the 4 th millennium cal BC, shortly after the first identified Cerealia type pollen grain, a continuous curve of Olea pollen is recorded. It suggest that olives may have been exploited around 3350 cal BC as in southern Greece (Kouli 2012; Weiberg et al., 2016) or on the nearby Strymon delta (50 km) where the records for Olea pollen probably come from wild trees growing in the rich maquis of Macedonia (Atherden et al., 2000) . Concerning grape, the issue of whether it was cultivated or not also remains unresolved, although archaeobotanical analyses from Bronze Age sites suggest that morphologically domesticated pips were present, thus making cultivation a strong possibility (Marinova and Valamoti, 2014; Valamoti, 2015) . In Dik4 pollen record, Vitis was only identified by two pollen grains during the Early-Middle Bronze Age, which is not sufficient to demonstrate such cultivation; the same is true for the first appearance of Juglans pollen, recorded around 3400 cal BC.
The riverside vegetation (alder forest) and the remaining mixed oak forest of the slopes shown in the pollen diagrams for the center of the marsh (Greig and Turner, 1974) would have offered abundant food sources for collecting and forage for livestock, as well as suitable conditions for wild fauna, largely represented in the bone remains at Dikili Tash (Darcque et al., 2009) , as also seen at Vinça (Orton, 2012) . For the domestic fauna, the zooarchaeological observations at Dikili Tash show the dominance of domesticated pigs and cattle over sheep and goat during the Bronze Age, a typical pattern seen also in Macedonia and in the Southern Balkans (Jullien 1992 ). On the Philippi-Drama plain, at Sitagroi (Bökönyi 1986) , Dimitra (Yannouli 1991) and Dikili Tash (Jullien 1992) , the significance of pig has been examined for the Bronze Age. Given the low representation of coprophilous NPPs recorded in Dik4 ca. 3950-1750 cal BC (LPAZ4; Fig. 9 ), it is probable that the highest pastoral pressure was not on the edge of the Tenaghi-Philippon marsh but closer to the inhabited areas. The continuity of the fire signature during the period (Fig. 5 ) also suggests that pasture fields were burned to maintain an open landscape and to renew the herbaceous vegetation, likely near the site or on the lower slopes of the mountains.
Together these observations show that the anthropogenic impact on the landscape became widespread with the onset of the Bronze Age, as seen by the continuous decrease of forest cover recorded on the edge of the marsh (Dik4), but also and for the first time from pollen diagrams obtained from the middle of the marsh (Greig and Turner, 1974) since the Middle Bronze Age. While previous studies of the Balkans (Willis, 1994) indicate a decrease in forest vegetation from about 2050 cal BC, or 1450 cal BC in the mountainous areas of Bulgaria (Marinova et al., 2012) , the new data discussed here confirm large-scale clearances detected ca. 3200-3000 cal BC in Northeastern Greece (Lawson et al., 2004) , in the Peloponnese (Southern Greece) with the Early Helladic period and in the large Eastern Mediterranean region . Further, agrosystems became more complex as indicated by a greater diversity in cultivated plants.
The pollen studies also reflect a regionally diversified land management system. Indeed, despite similarities in general trends, it is becoming apparent that we are not dealing with a uniform crop pattern throughout Southeastern Europe, Greece and Bulgaria in particular, but with noticeable regional differences as suggested by Marinova and Valamoti (2014) . For example, in nearby Thracian Bulgaria, Connor et al. (2013) show that the fire frequency appears to have increased towards the end of the oak forest phase around 3550-2050 cal BC, reflecting a pattern observed across the Eastern Mediterranean region , while the signal observed in the Dik4 core is not similar and suggests a low frequency of fires during the period ca. 3000-1650 cal BC (Figs. 5-9) . Thus, the use of the fire signal to detect RCCs should be used with caution from at least the Early Bronze Age; it is more probably linked with human activities (Vannière et al., 2016) .
In addition, the data from the Dik4 core also suggest the limit of the large marsh or lake to detect change in agricultural practices. Whereas the data from the edge of the marsh suggest that cereal cultivation was present since the Late Neolithic and olives since the Early Bronze Age, the regional pollen records at Tenaghi-Philippon indicate the first really clear anthropogenic signal associated with a continuous Olea pollen curve since 1900 cal BC during the Middle Bronze Age (Greig and Turner, 1974) . This lag-time of around 1400 years for recording agricultural practices in local and regional sinks confirms the importance of a multiscalar approach to identify the extent of the impact on vegetation cover (Glais et al., 2016a) . The spatial resolution of the data is as important as the temporal resolution of the selected archives.
Environmental changes from the Late Bronze Age to the Iron Age (ca. 1650-800 cal BC)
The cultural transition from the Middle to Late Bronze Age around 1650 cal BC is a gradual one which is often difficult to recognize. Macedonia and Thrace belong to a large cultural area which comprises the southern part of the Balkans . Contrary to what have been observed in the rest of the Aegean world , the available archaeological data suggest less dense settlement than during the previous periods (Koukouli-Chryssantakhi et al., 2008) particularly in the lower part of the Philippi-Drama plain (e.g., Kalamonas, Sykia, Kourovo, Polystylo; Fig. 2 ). Concerning the vegetation composition at the edges of the Tenaghi-Philippon marsh, the Dik4 pollen record (LPAZ5) shows the decrease in alder (<5%) concurrently with the increase in hydro-hygrophitic taxa and Poaceae ca. 1650 cal BC, sounded the end of a continuous and relatively regular pace since the first intensive clearance ca. 4550 cal BC. The definitive opening of alder and oak forest is observed ca. 1650-800 cal BC. These are replaced with hydro-hygrophytes and Poaceae for the marsh edges and to a lesser extent by Pinus sylvestris and xerothermophilous taxa, probably from the slopes.
The decrease in anthropogenic indicators (both anthropic-nitrophilous and anthropozoogenous taxa), cereals and coprophilous NPPs on the Dik4 core (LPAZ5; Fig. 9 ) during the Late Bronze Age (ca. 1650-1000 cal BC) and the Iron Age (ca. 1000-800 cal BC), is probably due to a decrease in the settlement, but also to a change in the overall settlement pattern. In fact, during the Middle and Late Bronze Age, the few archaeological sites, which are often defensive, are located on the piedmont, like Dikili Tash, and on the lower slopes of the surrounding mountains (Fig. 2) . The shift of agricultural practices towards the apical parts of the alluvial fans and a decline of human impact on the wetlands may be deduced. However, the highest magnitude of the sedimentary charcoal influx values at Dik4 occurs at this moment, in total CHAR but also in large charcoal-type fire episodes (Figs. 5-9 ), indicates intensifying anthropogenically induced fire regimes of local origin, recorded from 1650 to 800 cal BC. This could be explained by the use of fire to clear shrublands along the wetland edges and on the apical part of the alluvial fans and the mountain slopes to create pastureland closer to settlement sites (Lespez, 2008; Marinova et al., 2012) .
The xerothermophilous taxa show a peak values ca. 1300-1000 cal BC at Dik4 (Fig. 9 ), confirming the data from the Tenaghi-Philippon pollen record of Greig and Turner (1974) which shows an increase in maquis vegetation at this time. This indicates a drier period from the North-Atlantic to the Mediterranean areas also evidenced by marine core pollen records (Fletcher and Zielhofer, 2013) . There is a general consensus that the time period between 1450 and 850 cal BC was one of the drier periods of the Holocene with generally harsher conditions (Finné et al., 2011) punctuated by drier events such as the so-called "1200 cal BC event" (Kaniewski et al., 2013) . Nevertheless, this period in Dik4 sequence also shows the maximum percentage of eu-mesotrophic NPPs, high levels of hydro-hygrophytes taxa, the rise of Poaceae and a peak of LOI (Fig. 6) , all of which indicate an increase of the water level in the marsh and the development of wetlands. The explanation of this opposite hydrological pattern may have been a consequence of both the "Mediterraneanization" of the climate in the Aegean area after 2500 cal BC that resulted in intensification in winterseason precipitation and summer aridity (Kuhnt et al., 2008) and the complexity of the environmental changes. Indeed, during the 2 nd millennium cal BC, human modification of land cover became an increasingly significant factor in landscape change (Marinova et al., 2012; Weiberg et al., 2016) . This coincides also with an increase trend in the sedimentation accumulation rate in the small Dikili Tash valley (Fig. 5 ), spanning around a millennium until 900-800 cal BC. It also corresponds to the first detritic deposits observed on the plain in the large Xeropotamos alluvial fan (Lespez, 2003; Glais et al., 2016b) . The extension of the cultivated and grazing areas the upper parts of the fans and the lower slopes is responsible for the first phase of erosion and could explain the development of xerothermophilous species such as olive tree, which is favored by the erosion of soil profiles. The drier climate and intensification of human impact combined to create typical heliophilous and sclerophyllous vegetation ecosystems during the Late Bronze Age as in many other areas of the Mediterranean . Further, the driest conditions of the period underwent typical Mediterranean flood flows that transported silt and sand from soil erosion on the piedmont and mountain slopes. The increase of sedimentation input in the wetland could have caused the abandonment of the lowland, regularly flooded when the water level remained high during part of the year due to the increase in fall-winter precipitation and the absence of hydraulic control on the edge of the marsh.
With the beginning of the Iron Age ca. 1000 cal BC, evidence for agricultural and livestock activities has been recovered, coinciding with the reappearance of cereal pollen grains and rising patterns in anthropic-nitrophilous taxa, coprophilous NPPs, perennial pasture plants and anthropozoogenous taxa in the Dik4 pollen record (bottom of LPAZ6; Fig. 9) . The relatively low level of Cerealia type recorded in Dik4 in comparison with some of the previous periods is explained by the location of cultivated fields, probably located more on the alluvial fans than on the wetland edges whereas the increase in indicators of pastoral activities indicates that the edge of the marsh was again used for cattle and sheep breeding.
Intensive agricultural practices and shaping Mediterranean cultivated landscapes during the late Iron Age and the Antiquity periods (ca. 800 cal BC-cal AD 300)
On the Philippi-Drama plain, alder forest has almost disappeared (1-2%) during Antiquity from the Dik4 sequence (Fig. 9) . The percentage of arboreal pollen (10-23%) is due to the presence of Pinus sylvestris at higher altitudes. Nevertheless, the data obtained from the Lower Strymon valley show that mixed oak forests were still developed on the middle slopes of the main mountain massif 2016) . Although data for the Thracian period in the region (ca 900-600 cal BC) are quite limited due to the very few archaeological excavations for this period in Northern Greece (Koukouli-Chryssanthaki, 1998) , the settlement pattern can be deduced from the study of settlement during the Greek (ca. 600-357 cal BC), the Macedonian (357-148 cal BC) and the Roman (148 cal BC-cal AD 395) periods. The local Thracian tribes which had settled along the Struma River (Southwestern Bulgaria) had moved higher up into the surrounding mountains (Bozhkova et al., 2002; Lazarova et al., 2015) . Evidence of agriculture is also confirmed from the Vaxevo settlement in southwestern Bulgaria which has several storage features for cultivated cereals (Popova, 2001) . More generally, the Thracian period of occupation witnessed further development of agriculture, vine-growing, stock-breeding and ore-mining. The forests served as an important source of wood used for construction purposes, heating and metallurgy (Lazarova et al., 2015) . In the local environment of Dik4 core, cereal pollen grains and coprophilous NPPs are still present even with very low percentages ca. 800-600 cal BC, probably indicating less pressure on agricultural and livestock activities closed to the marsh.
The Greek and Macedonian conquest of the Philippi-Drama plain which led to the foundation of the town of Philippi in 357 BC is characterized in the Dik4 pollen record by a considerable rise in anthropic-nitrophilous , perennial pasture plants and coprophilous NPPs (Fig. 9) . The first three culminate with maximum values through the entire pollen record during the Hellenistic period and for the first time offer an indication of land use intensification on the edge of the marsh. This corresponds primarily to herding practices which were probably favored by the progressive silting of the edge of the marsh since the Bronze Age, clearly recorded on the Dik4 core and on the Xeropotamos alluvial fan (Lespez, 2003; Glais et al., 2016b) . These observations may be linked with the account by Theophrastus in which he described increased land use of the wetland during this period, with drainage and farming improvement. This account was difficult to interpret prior to these recent investigations without sedimentological and palynological records (Lespez and Tirologos, 2004) . Toponymic studies show that many Roman vici (rural settlements) were established on earlier Thracian villages (Papazoglou, 1988; Koukouli-Chryssanthaki, 1998) : of the 37 known for the Roman period, at least 16 were inhabited during the Iron Age. From this settlement pattern, we can deduce that agricultural practices were developed in different landscape contexts, on the eroded luvisol of alluvial fans, but also on the heavy and organic soils of the edge of the Tenaghi-Philippon marsh (Lespez et al., 2000; Lespez, 2003; Glais et al., 2016b) . Alluvial fans were mainly exploited for cereals that may have alternated with pulses and fallow land (Lespez 2008) . The data obtained from the rare excavated archaeological sites show a strong development of sheep breeding (Koukouli-Chryssanthaki, 1998; Lespez, 2008) . During the Roman period, archaeological and historical data demonstrate that the plain was entirely settled (Lespez, 2008) . The last biomass burning phase documented by this record covers only two centuries (ca. 100 cal BC-cal AD 100) and suggests fire activity in the surroundings related to both agriculture and grazing activities while the highest level of coprophilous NPPs suggests that the wetland was intensively used for herding. Another explanation of this short and intensive peak would correspond to the famous Philippi battle occurred in September/October 42 cal BC, when tens thousands of soldiers and cavalrymen confront each other in this region (Collart, 1929) . The observations of intensification of human impact since roman period are all quite similar to those made in the Lailias Mountains (70 km) to the north (Gerasimidis, 2000) and suggest a completely humanly modified landscape on the plain, the edge of the wetland and the mountain slopes.
Conclusions
The study of the Dik4 core highlights the necessity to combine off-site palynological evidence and on-site palaeobiological data to assess the effects of specific farming and herding practices on vegetation cover from the Late Neolithic on. It remains difficult to identify cultivated or harvested plant species from pollen taxa recovered. However, palynological analysis associated with the seed/fruit record, such as that conducted at Dikili Tash, offers a strong signal for harvesting, herding and fruit gathering, including the presence of plants that produce low amounts of pollen. The combined results obtained in this study clarify the spatial pattern of changes in vegetation cover at the edge of the Tenaghi-Philippon marsh in an area that was soon cultivated. In contradiction to the first studies based on the Tenaghi-Philippon marsh deposits, the onset of anthropogenic disturbance was much earlier than 2500 cal BC. Access to a permanent water source and a range of nearby areas suitable for agropastoral activities, hunting, fishing and collecting, made the site of Dikili Tash attractive for the long-term establishment of farmers, who even resettled at the site after the abandonment period. The presence of four main vegetation formations since the Late Neolithic can be argued: riparian vegetation, oak woodlands, open vegetation in the form of wooded grassland and cultivated fields.
The study reveals two phases of decline in land use directly on the edge of the marsh, although indicators of anthropogenic disturbance of the vegetation never entirely disappear: between 3900-3300 cal BC at the transition from the Late Neolithic (LNII) to the Bronze Age and from 1650-800 cal BC with a reorganization of the settlement on the higher slopes. In any of these periods, climate changes can be directly evoked for decline in human impact even if local changes in geographic conditions, such as a rise in the water table, can be invoked to explain diminishing local land use as also observed in the Lower Strymon valley. In contrast, four periods are characterized by an increase in land use extension and intensification: Late Neolithic (4500-3900 cal BC); Early to Middle Bronze Age (3000-1600 cal BC), the Iron Age (1000-800 cal BC) and Antiquity during the Macedonian (ca. 357-148 cal BC) and Roman periods (148 cal BC -cal AD 395). Except for the Iron Age, these correspond to well-known archaeological periods and the observed anthropogenic changes are correlated with settlement expansion. During the Late Neolithic, it is probable that development of agriculture did not cause complete alteration of woodlands and landscape structure, but rather stability of a mosaic of vegetation forms. This would indicate balanced exploitation, repeated use of limited patches of land close to the settlement, perhaps involving efforts at conservation of subsistence resources and renewal of their productive potential. From the Early Bronze Age on, landscape changes are progressive and lasting. Thus, the agricultural landscape in Northeastern Greece was largely established before Antiquity, as often proposed by historical research focused on the consequences of Greek colonization. Intensification of agricultural activities clearly appears during the Iron Age and the role of the Thracian population in the shaping of the agricultural landscapes of Northern Greece remains to be better explained by on-site and off-site palaeoenvironmental research.
More generally, this case study highlights the necessity of using palaeoecological data in multiscalar approaches, from archeological site to regional sink, by combining them with other indicators to determine the dynamics of mosaic landscapes in Northern Aegean areas. It is essential to assess the role of the change of agricultural practices (herding, farming, burning) in the landscape shaping and more generally to discuss the question of human society-environment-climate interactions that do not always have the same periodicities. 
